Salmonellosis is a major economic problem for the food industry as well as a public health hazard for the consumer.
The cost of illness and business lost due to Salmonella spp. was estimated at $1.0 billion in 1987 (14) . This estimate was based on the calculated 2 million human cases per year and did not include the effect on reduced feed efficiency and weight loss in animals (14) .
Much research has been conducted to describe the geographic distribution and process of dissemination of various Salmonella serotypes (1, 3, 5, 19) . Laboratory characterization of this pathogen is epidemiologically important because it facilitates studying the association between clinical cases and possible sources of infection. By utilizing various typing methods, one can attempt to group isolates, determine the pattern of propagation, and use this information to prevent or control the disease.
Newly developed molecular techniques such as plasmid profiling and restriction endonuclease analysis of plasmid DNA (9) , restriction endonuclease analysis of chromosomal DNA (4, 18) , random sequence chromosomal probes (19) , and whole-cell protein profiling (9) have been increasingly used for the identification and classification of pathogenic organisms including Salmonella spp.
As previously reported by Tompkins et al. (19) , many Salmonella strains have identical restriction endonuclease digestion patterns and are difficult to differentiate by simple restriction endonuclease analysis. Also, attempts to classify Salmonella spp. by plasmid profile analysis may be hampered by the fact that plasmids are relatively mobile and not all strains always carry them (19) . Therefore, more sensitive and stable molecular techniques are needed.
The purpose of our study was to evaluate the efficacy of ribotyping, a method for comparing bacterial rRNA genes and their associated sequences (5, 17) Table 1 . Biochemical confirmation and serotyping were done by conventional methods described previously (2, 6) .
Preparation and purification of whole-cell DNA. After overnight incubation at 37°C in 5 ml of brain heart infusion broth (Difco Laboratories, Detroit, Mich.), samples were streaked on cow blood agar to check for purity. The culture was centrifuged (14,000 x g) for 5 min, the pellet was resuspended in Tris-EDTA (TE) buffer (10 mM Tris, 1 mM EDTA) and recentrifuged for 5 min, the supernatant was discarded, and the pellet was resuspended in 567 ,ul of TE buffer. The isolation and purification of DNA was performed by lysing the cells with 30 ,ul of 10% sodium dodecyl sulfate (SDS) and then digesting any contaminating protein with 3 ,u of proteinase K (20 mglml). The cultures were then incubated for 1 h at 37°C, 100 ,ul of 5 M NaCl as well as 80 ,ul of 10% hexadecyltrimethyl ammonium bromide (CTAB) was added, and the samples were incubated at 65°C for 10 min. After incubation, an equal volume (0.7 to 0.8 ml) of chloroform-isoamyl alcohol (24:1) was added, extracting the CTAB-polysaccharide complexes. The sample was centrifuged (14,000 x g) for 2 min, and the supernatant containing the DNA was transferred to a fresh microvial. An equal volume (0.7 to 0.8 ml) of phenol-chloroform-isoamyl alcohol (25:24:1) was added, and the sample was again centrifuged (14, fresh microvial tube, and 360 ,ul of isopropanol was added to precipitate the DNA. The contents were centrifuged for 5 min, and the supernatant was discarded. Residual CTAB and NaCl were removed by washing the pellet with 1 ml of 70% ethyl alcohol, and after centrifugation (14,000 x g) for 5 min, the purified DNA pellet was left standing overnight to air dry. Once the pellet was dry, 90 ,ul of TE buffer was added and the samples were stored at 4°C for future processing.
Restriction endonuclease digestion of DNA. To select the optimal experimental conditions, digestion of whole-cell DNA from four isolates of each Salmonella serotype was done with six different restriction endonucleases by using the method described by Maniatis et al. (7) and electrophoresis was performed. After electrophoresis, all gels were stained with ethidium bromide as described previously (15) .
Two to three milligrams of bacterial DNA was mixed with 3 ,ul of appropriate buffer and 10 U of each of the restriction endonucleases tested. The DNA concentration was approximated visually on the basis of the concentration of DNA in an agarose gel. Restriction endonucleases examined included EcoRI, SmaI, HindIII, Sau3AI, HaeIII, and XAoI (Bethesda Research Laboratories, Gaithersburg, Md.). Two microliters of RNase (10 mg/ml) was added, and the samples were incubated for 2 h at 37°C. After incubation, 5 Southern (16) . When the transfer was complete, the nitrocellulose was dried at 80°C for 2 h in a vacuum oven (15) .
Ribotyping. The DNA, digested, electrophoresed, and bound to the nitrocellulose membrane, was hybridized with an rRNA probe by the method described by Stull et al. (17) . Commercially purchased Escherichia coli rRNA (Sigma) was resuspended in sterile water at a concentration of 0.25 p,g/,l, dephosphorylated with intestinal alkaline phosphate, and radiolabeled with _y32P by using T4 polynucleotide kinase (7). The specific activity of this probe was approximately 107 to 108 cpm/,ug of RNA. As described by Snipes et al. (15) , the molecular weight standard probe was prepared by digesting lambda phage DNA with Sau3AI, dephosphorylating the DNA by using calf intestinal phosphatase, and labeling the DNA with [-y-_P]ATP as was done for the RNA probe (15) .
The blots of digested whole-cell Salmonella DNA were prehybridized in hybridization solution (5x SSPE, 0.1% SDS, 5x Denhardt solution, and 1.0 mg of salmon sperm DNA per 10 ml of solution) (lx SSPE is 0.18 M NaCl, 10 mM NaPO4, and 1 mM EDTA [pH 7.7]) for 1 h at 60°C. Hybridization was conducted with the rRNA probe (7.0 x 105 cpm/ml of hybridization solution) overnight, reducing the temperature from 60°C to approximately 40°C, as described by Stull et al. (17) . After hybridization, the blots were washed once in 0.lx SSPE-0.1% SDS at room temperature and three times at 55°C for 20 min each time. The extent of hybridization between the probe and the DNA blot was then analyzed by autoradiography, using X-Omat AR film (Eastman Kodak Co., Rochester, N.Y.), after incubation at 25°C overnight.
RESULTS
The optimal conditions for electrophoresis, as determined by a uniform distribution of six to eight segments ranging from 2 to 23 kDa depending on the Salmonella serotype, were obtained with an agarose gel length of 15 
DISCUSSION
By using 121 different isolates obtained from a wide variety of geographic sources and host species, we attempted to detect genotypic differences that could provide a more precise differentiation of Salmonella serotype reading, Salmonella serotype senftenberg, and Salmonella serotype typhimurium. Ribotyping with E. coli rRNA as a probe, has been utilized for the differentiation of E. coli, Pseudomonas cepacia, and Haemophilus influenzae isolates by Stull et al. (17) . Pace et al. (12) demonstrated that the nucleotide sequence of bacterial rRNA could be used to determine genetic relatedness. In other studies, such as the one by Altwegg et al. (1) , the investigators differentiated between strains of Salmonella serotype typhi by using plasmid pKK 3535 as a probe to locate specific rRNA coding sequences. This plasmid contained an rRNA operon gene coding for 5S RNA, 16S RNA, 23S RNA, and tRNA Glu-2.
Studies done by Martinetti and Altwegg (8) Although the overall sample size analyzed seemed appropriate for the type of sampling scneme used, on the basis of availability, the distribution of isolates was determined to be 37% Salmonella serotype reading, 16% Salmonella serotype senftenberg, and 47% Salmonella serotype typhimurium (and of these last almost half were from an individual outbreak).
The large majority of the samples used in this study were the product of ongoing farm biological monitoring. Given the results, the ability to trace the source of contamination in a specific human or animal salmonellosis outbreak becomes a distinct possibility (at least for two of the serotypes studied). An example of this is the identification of the same ribosomal banding pattern of Salmonella serotype senftenberg in an isolate from a farm in Minnesota that was being supplied with poults from a hatchery in Sonoma. We did not have the opportunity to receive any samples from humans that may have been exposed to Salmonella spp. because all of our samples were obtained via preharvest food safety screening programs.
In view of our findings, we feel that the positive identification of distinct ribosomal banding patterns (at least in the case of Salmonella serotype senftenberg and Salmonella serotype typhimurium) attributable only to farms that belong to the same parent company suggests that ribotyping can be a complementary technique for the identification of possible point sources. Further research is needed to specify the type of restriction endonuclease that provides accurate ribosomal banding patterns for each Salmonella serotype. Also, no complementary identification techniques which might have aided in the classification of the different serotypes were available for this study. For each of the serotypes studied, the majority of the isolates corresponded to one or two ribotypes. It would be interesting to have a larger sample so that the actual prevalence rates could be evaluated.
In California, most of the commercial poultry production units are affiliated with a parent company that provides feed, poults, and management services. In some cases, integration is such that they have their own processing and packing facilities. Given this type of production environment, continued monitoring via environmental, egg, poult, adult, and finally processed meat sampling is imperative to ensure a safe food supply for the consumer. The use of accurate techniques such as the one described here will be a routine operation procedure for the control and eradication of disease.
